hf.  Uie 


ABliEK)  SERVICES  TmiCAL  INFORMA'IION  ACENCT 
ARLINCrON  HALL  STATWH 
ARLIKCT®  12.  VIRGINIA 


NOTICE:  VIhen  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  puipose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  £iny  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  permission  to  manufactiire,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Best 


ORDNANCE  CORPS 

DIAMOND  ORDNANCE  FUZE  LABORATORIES 
WASHINGTON  25,  D.  C. 


/n  l«SFt.v 
CriiwTOi 

AMXliO-l 

os: 

FROM: 

SUBJECT; 

7  Sept  1962 


Recipients  of  DOFL  Report  No.  TR-1031 
W.  H.  Pepper/AMXU0-RB4 

"A  MINIATURE  AUTOMATIC  DIRECTION  FINDER,"  H.  B.  Smith,  Jr. 
J.  A.  Kaiser,  W.  II.  Pepper  and  J.  Little,  dtcl  14  May  1962 


The  following  corrections  and  additions  should  be  made  in  the 
above-referenced  report: 

Page  7,  6th  line  from  bottom:  Change  "90°"  to  "180°"  to  read 
"...shifting  the  null  180^." 

Pages  9,  10  and  12;  tables  1,2,  and  figure  4:  Interchange  "A" 
and  "B". 

Page  9,  table  1;  Add  minus  sign  before  first  parenthesis  in 
arm  "U"  to  read  "D  -(-a  sin..." 

Pages  10  and  16,  figures  3  and  7:  Interchange  ”E"  and  "F" . 

Page  14,  figure  6  (upper-right  corner);  Change  "E9  =  270°'  to 
read  "Fcp  =  270°." 


Best 


CopV 


.  CO 

■I  1 


5?<a: 

«C 

C'.' 


[4031 


A  MINIATUW  AUTOMATIC  OWiCTION  RN06R 

H.6.  Smifh,  Jr. 

J.  A.  Kais*r 
W.  H.  P»pp*r 
J.  little 


14  May  1962 


‘  t !  '  U 


UUu- 


5'-,  D?aas)Hi 


aBr.,'  li!2E  i.aB@a.^^8-u£s 


1  ,'S  iT*  "  ' 


■  ?’  •!'  r’J  ^  D3  T  R'  ?■ 


Best  Available  Copy 


DIAMOND  ORDNANCE  FUZE  l^ADORATORIjP^ 


lU»bert  W.  McEvoy 
Li  Col,  Ortl  Corps 
'L'oiiimunding 

The  Diamond  Ordnan'^  -  F^»a«  Uiboratories  is  a  Class  II  research, 
development  iintl  e* installation  of  the  U.S.  Army  located 
in  WnshiUKto*'  -*  l^.C.  Originally  established  in  September  1953,  un¬ 
der  tb''-'  Ordimjace  Corps,  the  Diamond  Oi'dnanco  Fuze  IjSboratories 
— -Vvos  as  the  Ordnance  Corps  electronics  laboratory,  specializing 
In  I  he  following  ureas; 

(1)  To  perform  research,  development,  and  engineering  on  sys- 
Joins  for  automatically  detecting  targets  of  military  significance, 
Iwr  performing  local  target  evaluation,  for  accomplishing  safing 
and  arming  functions,  and  for  providing  initiation  signals  in  a 
manner  to  maximize  weapons  effectiveness. 

(2)  To  perform  the  necessary  research,  development,  and  en¬ 
gineering  on  components,  subsystems,  and  systems  of  the  type  re- 
Ceried  to  in  Item  (1)  to  achieve  niuxlmum  Immuziity  of  such  systems 
to  the  conditions  prevalent  in  a  battlefield  environment. 

\.3)  To  conduct  a  research  program  in  fluid  amplification  lor 
miij.  tary  appliciitioizs  .  • 

(4)  To  conduct  instrumentation  research  and  development  re¬ 
lated  to  tile  above. 

(.5)  To  conduct  basir  research,  iji  the  various  required  scien¬ 
tific  J.  ieids  related  to  the  above. 

Ill  addition  io  its  major  facility,  DOFL  operates  a  field  test 
area  lucated  at  blossom  Point,  Maz-yland,  and  the  Diamond  Ordnance 
iiudiatLon  Facilil.y  at  the  Forest  Glen  Annex  of  the  Walter  Sloeti  Army 
Medical  Center, 


B.  M.  Horton 
Technical  Director 


The  findings  in  this  report  are  not  to  be  construed  as  an  official 


Department  of  the  Army  position. 


Best  Available  Copy 


diamond  ordnance  fuze  laboratories 

ORDNAMCE  CORPS  WASHINOtON  2B,  D.  C. 


lVi-81IOe.01.013 
0Mf-8S10. 11.17000 

son.  ProJ.  26100 


14  liay  1962 


TR-1031 


A  MlHIATTOl  ABTOMATIC  DIRKCTIOM  PINDBR 


H.  B.  Smith, .Jr. 
J.  A.  Kaiser 
W.  H.  Pepper 
J,  Little 


FOR  THE  COMMANDER: 
APPROVED  BY 

H.  Sommer 

Chief,  Laboratory  200 


qualified  requesters  may  obtain  copies  of  this  report 


from  ASTIA. 


1 


ABSTRACT 


CPHTIP<TS 


Page  No 
5 


1.  IRTROlWCTION  ^  .  5 

2.  THKOBBTICAL  UkVELOFUSNT . .  .  6 

3.  BXPnZMBrrAL  PROCEDURE  . . 16 

4.  CONCLU&IONB  AMD  RECOMMENDATIONS . 31 

APPSNDIX  A,  .  . . 33 


Flrontiaplece 
Figure  1. 
Figure  2, 
Figure  3. 
Figure  4. 

Figure  5. 

Figure  6. 

Figure  7. 
Figure  8. 
Figure  9. 
Figure  10. 
Figure  11. 
Figure  1*. 
Figure  13. 
Figure  14. 
Figure  15, 
Figure  16. 
Figure  17. 
Figure  18. 
Figure  19. 


ILLUSTRATIONS  : 

Spiral  array. 

Ring  network 

Spiral  array  phasing  diagrams 
Direction  finder  network 

theoretical  detected  signal  in  arms  A  and  B  as  a 
function  of  elevation  angle. 

Theoretical  detected  signal  in  arms  C,  D,  K,  P  as  a 
function  of  elevation  angle^  for  =  tt/4. 

Theoretical  detected  signal  in  arms  C,  D,  E,  F  as 

a  function  of  elevation  angle^  for  ^  =  0,  Tr/2,  tt,  3n/2 

Experimental  direction  finder. 

Azimuthal  plots  of  C,  D,  E,  F  for  ©  =  5°. 

Azimuthal  plots  of  C,  D,  E,  F  for  ©  =10°. 

o 

Azimuthal  plots  of  C,  D,  E,  F  for  ©  =  15  . 

Azimuthal  plots  of  C,  D,  E,  F  for  ©  =  30°. 

Azimuthal  plots  of  C,  D,  E^  F  for  ©  =  45°. 

Azimuthal  plots  of  C,  D,  E,  F  for  ©  =  60°. 

Azimuthal  plots  of  C,  D,  E,  F' for  ©  =  75°. 

Azimuthal  plots  of  A  and  B  for  8=5°. 

Azimuthal  plots  of  A  and  B  for  ©  =  10°. 

Azimuthal  plots  of  A  and  B  for  ©  =  15°. 

Azimuthal  plots  of  A  and  B  for  0  =  30°. 

Azimuthal  plots  of  A  and  B  for  0  =  45°. 


3 


IIXUSTIUTIONB  (Cont'd) 


rigur*  20. 
I’lt.'ure  21, 
rigur«  Al, 
rigur*  AS. 


AftlmithBl  plot*  of  A  ftnd  B  for  l 
AilauthRl  plot*  of  A  and  B  for  ( 
ThaoratlcAl  Aalauthal  Brror  for 
Tbeoratloa)  Aatmthal  Brror  for 


I  »  eo®. 

I  ■!  7i^. 

Y  -  M®. 

V  ■»5®. 


4 


ABSmCT 


A  nXnlat'urlMd  ununblcuoui  dtreotlon  tindvr  with  no  m«)vlitf  part* 
ii  dtiorlbvd.  At  a  frequency  of  1000  Mof  ■  complete  Byetom»  'lonelatlng 
of  a  two-wire  eplrel  entenne,  with  cavity  backing,  operating  in  the 
flrat  two  radiation  modea  can  be  built  into  a  vyllnder  10  in.  In  diameter 
and  3  In.  daap.  Direct  aoellng  lava  apply,  ao  that  at  3000  Mo,  for  ex¬ 
ample,  the  cylinder  would  be  5  In.  in  dlaamter  and  1  1/3  In.  deep, 
ginoe  there  are  no  moving  parta,  and  prlnted-olroult  toohnlquea  can  be 
uaed,  the  total  weight  (excluding  power  aupply  and  readout  or  dlaplay) 
will  be  loaa  than  1/3  lb. 

The  pattern  of  thla  antenna  array  givea  hemlapherlo  coverage.  The 
output,  fed  into  an  analog  device,  givea  a  determination  of  the  eleva¬ 
tion  and  aalanith  of  a  received  algnal,  with  no  amblgu^tlea.  In  the 
healepbere  bounded  by  the  plane  of  the  aplral.  The  prooeaalng  network 
oonalata  of  two  3-way  power  dlvldera  and  a  pair  of  hybrlda,  which  can 
be  mounted  on  the  back  of  the  cavity  by  ualng  atrlp-llne  teohnlguaa. 

An  experimental  veralon  of  the  ayatem  haa  been  built  and  preliminary 
data  are  preaented. 

IWjOMgtigj 

A  miniature  direotlon  finder  with  no  moving  parta  haa  been  deaigaed 
and  oonatruoted  for  guided  niaaile  application  to  meet  the  need  (or  a 
Qompaot,  lightweight  device  with  no  directional  nmblguiUea.  to  determine 
both  elevation  and  aalmuth.  It  uaea  a  two-wire  lirohlmedeatf  aplral 
antenna  operating  In  tha  drat  two  modea  elatultaiiieeualy.  Although  the 
matenne  mey  elio  be  ueed  ee  e  ecannlng  device,  diecueelou  herein  le 
limited  to  the  direotlon  finder. 

The  dlreotlonel  finder  hee  not  orly  the  required  deep  null  broad- 
elde  for  accurate  null  finding  near  ilia  Mia,  but  alao  tha  capability 
of  uniquely  determining  the  algnal  direction  In  terma  of  the  conventional 
antenna  epherloal  coordinate  anglea  9  and  ^  in  a  wide  cone  about  the 
antenna  axla  by  ualng  reletiva  amplltudea  of  algnala  out  of  aix  tarmlnela 
of  e  network,  Thle  network  conaleta  of  two  3-way  power  dlvldera  and 
two  hybrid  ring  networka.  Dy  tha  theorem  of  reciprocity,  if  coherent 
algnala  ara  fed  Into  the  aix  output  arma  of  the  network,  the  direotlon 
of  tha  main  lobe  of  the  antenna  nay  be  uniquely  poaitioned  by  varying 
tha  relative  anplltvidee  of  the  alx  algnala.  Further  reaearch  will  be 
required  to  IncreaB'S  the  preclaion  of  the  direction  finder. 


*  Baaed  on  a  aplral  mode  selector  circuit  for  an  Archimedean  aplral 
array,  DOFL  Legal  and  Patent  Ser/iew  Office  Docket  Ho.  1091,  J.  A. 
gaiaer , 
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2.  TmomricAi.  MtvnxffMifr 


To  doioribo  tho  lunnor  in  which  the  device  functioned  n  eplrnl 
•ntcnnn  ••  *  redlntor  in  ocnnldnrnd  flrat.  A  two-wlrod  Mlf-ooMpln- 
Mntnry/  ArohlMdnnn  nplral  antannad^  *  oonnaotad  to  taralnaia  6  and 
e  of  tha  ring  network  la  fad  froa  althor  tonilnal  1  or  3  aa  llluatratad 
In  figure  1.  The  dlanator  of  tha  antenna  nuat  be  at  laaat  ax/n  but 
late  than  ax/n^  where  X  la  the  operational  wavelanffth,  ae  that  the 
antenna  will  operate  In  the  flrat  two  radiation  Mdea  only. 


Plfure  1,  Rlnc  network. 


A.  Kaiser,  “The  Archimedean  Two-Wire  Spiral  Antenna"  IRE  POAP, 
Vol  AP-8  (1960)  p  312, 

®J.  A.  Kaiser,  "Flat  Archimedean  Spiral  Antenna,  PrinclpUis  ana 
Application,"  DOFL  TR-726,  15  Aug  59. 


AasuRiQ  'chat  a  radio  frcquancy  atgnal  la  appilad  to  terminal  1  of 
the  ring  network.  The  energy  of  thla  algnal  dividea  equally  aa  it  entera 
the  ring  and  energea  from  the  network  at  termlnala  3  and  4  with  equal 
aaplltudaa,  hut  180°  out  of  phaie.  Conaidtr  that  the  llnea  from  3  to  B 
and  4  to  6  are  of  equal  length  ao  that  there  ia  no  relative  phaae  ahlft 
of  tlte  two  algnala  entering  the  termlnala  of  the  antenna.  In  the 
vicinity  of  the  center  of  the  antenna  the  current!  are  out  of  phaae;  for 
thia  reaaon  llttla  radiation  oooura.  Aa  the  current!  procead  away  from 
the  canter,  the  relative  phaaa  ia  ahifted  beoauaa  of  the  dlfferanoa  in 
path  lengths  along  tha  two  aplral  filaments.  When  the  difference  in 
path  lengths  between  ad^lacent  conductors  la  X/3,  the  currents  in  theae 
oondiiotorn  are  in  phaue  and  tha  radiation  vaotore  add. .  Even  for  fairly 
•aoarie  Archimedean  spiral  antennas,  the  difference  in  path  length  of 
A/2  can  be  approx iiaated  aa  occurring  in  a  thin  annulus  of  radius  X/2tT, 

At  soma  point  in  thia  ciircular  raglon,  the  currents  in  adjacent  filaments 
will  bs  in  Phans  with  the  currents  entering  into  terminal  1.  Using  this 
aa  a  refarenoe  point,  one  can  establish  a  rsl stive  phase  diegroe  of  the 
uurrenta  ebout  this  \/2tt  >radius  olrote.  [dan  inner  ring  in  (A)  of  fig. ft] 
This  mode  of  operation  la  called  the  firat  radiaclon  mods. 

Similarly,  tf  a  aignal  ta  appliad  to  tarainai  3  of  the  natwork  ahown 
in  figure  1,  the  currents  entering  the  antenna  are  in  phaae  end  of  equal 
smpiitude,  end  the  radiation  veotora  will  add  on  the  radius  olrols. . 
Again  one  can  establish  the  relative  phase  diegrea  [outer  ring  in  <A)  of 
fig.  S]  with  thli  mode  of  opwratlon,  called  the  second  radlntlon  mfwite, 

Note,  however,  that  the  "0”  phase  of  the  second  mode  may  or  may  not  lie 
on  the  aeme  radiui  aa  tha  "O"  phase  po^nt  of  the  firat  radiation  node. 

The  phase  of  the  ourrente  eetebllah  the  phase  of  the  radiation  fielda. 
At  eoae  angle  the  radiation  fielda  of  the  firat  mode  and  the  second 
notUi  are  in  phase.  Thia  direction  la  referred  to  aa  ^  a  0,  and  the  phaae 
dlHigrem  ia  redrawn  aa  ahown  in  (B)  of  figure  a,  Indicating  the  direction 
of  In-phase  fielda  aa  ”0"  -  ”0”. 

If  an  rf  signal  la  fed  Into  both  lerelnala  1  and  2,  both  nodes  will 
be  excited  aiaultaneouely.  If  these  aignele  are  In  phaae,  the  radiation 
field  will  be  euch  that  tha  radiation  vectors  of  tha  firat  and  aecond 
mode  will  add  in  the  ^  a  0°  dlreotion  and  cencel  in  the  <(>  ■  180°  direc¬ 
tion,  thus  forming  a  null  In  the  ■  180°  direction.  If  the  phaae  into 
terminal  Z  is  ahifted  by  160°,  the  flret  node  In  rotated  through  180°, 
shifting  the  null  to  the  direction  of  ^  »  o°.  If  the  elgnal  Into  terminal 
3  la  shifted  by  the  physical  rotation  of  the  aecond  mode  la  00°, 

shifting  tho  null  90°,  ny  the  theorem  of  reciprocity,  if  the  antenna  la 
used  as  a  receiver,  the  phaae  of  the  algnala  out  of  terminals  1  and  2 
can  be  used  to  determine  the  direction  of  the  source. 

The  exact  field  equations  for  the  spiral  antenna  operatlnx  in  tho 
firat  or  second  mode  have  not  been  derived.  As  an  approximation, 
based  on  pattern  measurements,  the  first  mode  antenna  pattern  can  be 


(A)REUATIVC  PHASe  DtAORAM 


0 


(By  DIRECTION  OF  IN-PHASE  FIELDS 

Figure  2.  Spiral  r.rray  phasing  diagrams. 


8 


represented  by  p  cos  0  e  and  the  second  mode  by  a  sin  0 

g(J2(f>  +  Ju)t)^  where  ^  is  defined  in  the  range  0  Ao  2Tr,  andje.is  (teflned 
between  0  and  n/2.  These  are  in  phase  at  ♦  *'cP.  as  required  by  the 
method  of  defining  the  radiation  fields  of  the  first  and  second  modes. 
Also,  if  the  crossover  point  of  the  relative  gain  patterns  of  the  two 
modes  occurs  at  0  =  0  ,  then  v. 

a  sin  0=6  cos  6 
o  o 

Assume  a  signal  received  by  the  antenna  from  a  direction  (0, 
fed  into  a  network,  shown  in  figure  3,  consisting  of  two  3-way  power 
dividers  and  two  hybrid  ring  networks.  The  line  lengths  of  the  network 
are  such  that  a  =  b,  c  =  d,  esf4-  X/4,  where  X  is  the  system  design 
wavelength.  The  signals  in  the  arms,  before  detection,  are  of  the 
form  shown  in  table  1. 

Table  1.  Antenna  Signal  Forms 

A  (2  p  cos  0  e-^^) 

B  (2  a  sin  0  e*^**^* 

C  (a  sin  0  +  p  cos  0  e*^^)  e*^**^^ 

D  (  -  a  sin  ©  +  P  cos  0  e"^^)  e'^'*** 

E  (a  sin  0  eJ^*  +  p  cos  0  e^*^)  ‘ 

+  (-  a  sin  0  e"^^^  +  P  cos  0  e*^*^)  e*^^* 

F  (a  Sin  9  eJ2^  +  p  cos  0 

-  (-  a  sin  0  e"^^^  +  p  cos  0 

After  square  law  detection,  ther^e  signals  are  of  the  form  shown  in 
table  2. 


(first  mode) 
(second  mode) 
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3o  Direction  finder 


Table  2.  Signal  Forms  After  Square  Law  Detection 

A  ^  cos  *0 
B  C?  sin  *0 

C  d?  sin  *0  +  ^cos  ®0  +  2  a  0  sin  0  cos  0  cos  ^ 

D  sin  *0  +  ^  cos  *0-200  sin  0  cos  0  cos  ^ 

E  0?  sin  *0  +  0*  COS  4*  2  ot  ^  sifi  0  cos  0  sin  ^ 

F  o?  sin  *0  +  0®  cos  ®e  -  2  a  0  sin  0  cos  0  sin  <j) 

It  can  be  seen  that  the  sura  of  the  Indications  (power)  In  arms  A  and  B 

Is  equal  to  the  sum  of  the  Indications  In  arms  C  and  D,  and  Is  also 
equal  to  the  sim  Of'  the  Indications  In  arms  E  and  F,  which  must  be  the 
case  considering  the  method  In  which  the  power  Is  split  up.  These  six 
arms  have  signals  that  are  apparently  a  function  of  four  variables: 
a,  0,  0,  and  However,  since  the  products  a  sin  0  and  0  cos  0  are 
the  only  way  In  which  these  parameters  appear,  the  signals  In  the  six 
arms  can  actually  be  expressed  In  terms  of  three  variables :  Ct  sin  0, 

0  cos  0,  and  (j).  Also,  the  detected  signals  In  arms  A  and  B  are  seen 
.  to  be  Independent  of 

To  find  the  direction  from  which  an  incident  signal  is  coming, 
an  algebraic  function  of  the  signals  in  arms.  A,  B,  C,  D,  E,  and  P  (for 
simplicity,  the  amplitude  of  the  detected  signal  in  an  arm  is  represented 
by  the  name  of  the  arm),  combined  with  the  knowledge  of  0  (which  can 
be  set  by  calibration)  is  all  that  is  necessary.  By  simple  manipulation 


<|)  =  sin 


“1 


E-F 


[(E-F)®  +  (C-D)*]^'l 


(1) 


and 


0  =  tan 


-1 


(^)^^tan  e 
B  o 


Theoretical  plots  of  the  amplitudes  of  the  detected  signals  as  a 
function  of  variations  in  0  and  (|)  are  given  in  figures  4,  5,  and  6.  There 
are,  of  course  many  other  relationships  ^ that  can  be  used  to  calculate 


A  simpler 
ficult  CO 
0071  si  dor  ({) 


■■  ■  “  ■  ^  (E— F) 

relation  for  (j)  would  be  =  tan 

handle  in,  the  region  in  which  C-D  -*  0, 
_i  (C-D) 


cot' 


(E-F) • 


but  this  would  be  dif- 
in  which  case  one  could 
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und  0,  «nd  d  itudy  of  th«  d*vi«tlon  of  the  eotuel  flret  end  eecond 
node  antenne  patterne  from  the  eeeuMed  relatione  might  be  ueeful  in 
determining  the  probable  deviation  of  the  actual  aouroe  direction 
from  the  oaloulated  aouroe  direction. 


From  the  redundanop  in  obaervatlone,  It  might  eeem  that  fewer 
detectorn  could  be  uaed  to  determine  0  and  In  thle  eeotlon  it 
will  be  ahown  that,  In  general,  thle  ie  not  poaelble,  but  that  under 
certain  aeaunptlone  It  might  be  poeeibla  to  ellmlnnte  ama  A  and  B 
(i«d  thua  replaoe  the  three*nviiy  power  dlvldere  with  two-way  power 
dlvldera)  from  the  eyatem. 


Ut 

Then 


1/a  -  a  a  p  ain  0  ooa  0 

Eg  M  1/a  (C  e  n)  t  I|  ■  oP  Bin  *0  e  ^  coa  *0  e  a  o  P  ala  0  aoa  0 
H  |a  win  0  4-  (1  ooa  1^* 


and,  alnllarly 


I 

Ej  ■  1/a  (C  e  D)  -  Ej  ■  0  ala  0  -  eoa  0 


Row,  it  it  ie  known  how  0  oemparea  with  0  ,  that  ie,  whether  It  la 
largei-  or  amaller,  thea  0  can  be  found.  Thia  might  be  the  oiae  la  a 
dlreution  finder  or  hominf  device.  For  exaaple,  if  0  >  0  ,  then 
a  eln  0  -  p  ooa  0  <  O,  and  ” 


0  ■  tan 


.1 


Ki'i 


tan  0J, 


If  0  <  0^,  then  a  tin  0  -  ^  ooa  0  <  0,  and 


0  «  tan* 


ji/a  ^1/a 


■1 


Thue,  if  It  ie  known  from  which  general  direction  (in  elevation)  the 
received  signal  la  expected,  four  detectors  can  be  used  instead  of 
■lx.  Also,  by  adjusting  the  pattern  gains  in  tho  first  end  eacoud 
model  (i.e.,  a  and  ^),  0  can  be  controlled  and  thus  give  better  con¬ 
trol  over  the  region  from  whloh  slgnala  are  permiaatble.  Making  0 
o  n 

near  0  or  90  ,  howe\*er,  will  Introduce  a  large  uncertainty  in  the 
calculated  direction  for  a  small  measurement  error, 
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3 »  MlWmiMIWTAL  WtOCgW/HH 


A  twu-wlre  Arohi>ed«an  ipirai  ant«tma  2X/n  in  diftMter  whh  mounted 
X/4  in  front  of  ■  SA-ln.  equere  ground  plane.  Thle  e.'ieiably  wee  then 
nounteU  on  e  tworexle  rotaipr.  The  two  output!  of  the  antenna  were  fed 
into  t)ta  notworke  illuet reted  In  figure  7. 

The  entenne  wee  Mounted  no  that  It  could  be  rotated  about  Ita  axle 
of  aymnetry  [6  ■•O],  The  antenna  waa  illuminated  with  a  oiroularly 
polariaed  oontinuoua  wave  aignal  at  1020  Mu,  The  termlnale  at  A  through 
r  were  all  terminated  in  matched  dummy  londa»  except  for  one  that  waa 
terminated  in  a  iquare  law  detector.  The  detected  aignal  amplitudea 
at  C(  D.  S,  J  welre  recorded  aa  a  function  of  ^  for  ^  ■  S®,  10®,  li®,  30®, 
46®,  60®,  76®  (figurea  8,  8,  10,  11,  12.  13,  14).  The  amplitudea  nt 
A  and  B  were  recorded  aa  a  function  of  ^for  the  O'a  liated  above  (fig.' 

16,  16,  17,  16,  12,  90,  end  91). 


Figure  7.  Exporimentiil  dlfcrllon  finder. 


- c 

- 0 

- e 

iota  mu  -  I.GFT  CnCUUR  nt-MZATION 

Figuro  12.  AelmuthBl  plots  of  C,  D,  E,  P  for  0  a  45®. 
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- ri«3T  M00€  PATTERN  (A) 

- SECOND  MODE  PATTCm (6) 

V  loss  met- LEFT  CIRCUUAfI  POLAmZATION 

TMie  PATTERNS  WERE  RECORDED  AT  A  SAW 
SETTWO  iOtft  KLOW  THE  OTHERS 


rigtirs  18.  Aclmuthel  plots  of  A  and  B  for  6  a  5^ 


- FIRST  MODE  PATTERN  (A) 

— — — SCeONO  MODE  PATTCRN(B) 

fo»  loss  me*-  LEFT  CIRCULAR  POCARIMTION 

THESE  MTTERNS  WERE  RECORDED  ATAOAIN 
•STTWO  10*  lELOW  THE  OTHERS 

Fisure  18.  AclRUtthAl  plots  of  A  and  B  for  &  =  30®. 
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- FIRST  MODE  PATTERN  (A) 

_ SECOND  MODE  PATTERN  ( B) 

fo  *  1022  me*-  LEFT  CIRCULAR  POLARIZATION 

Figure  19.  Azimuthal  plots  of  A  and  B  for  G  =  45° 

?;8 
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CONCLUSIONS  AND  RECOMMENDATIONS 


Since  data  given  in  figures  8  through  21  Indicate  that  the  system 
behaves  approximately  as  assumed  in  the  formulation  tabulated  In  table  2, 
it  Is  assumed  that  the  antenna  can  be  used  to  determine  the  spherical 
coordinate  angles  (|>  and  6.  It  Is  estimated  that  the  determination  of 
0  will  be  most  precise  for  15®  <  0  <75®. 

No  attempts  have  been  made  to  optimize  the  circuit  and  antenna. 
However,  It  has  been  demonstratec^  that  the  spiral  antenna  Is  a  precise 
phasing  device,  suggesting  the  possibility  of  engineering  an  accurate 
direction  finder.  Ultimate  system  accuracy  will  also  be  a  function 
of  the  frequency  dependence  and  losses  of  the  processing  networks. 

One  source  of  azimuth  error  is  discussed  in  appendix  A. 

Investigation  of  the  three  arrangements  listed  below  may  provide 
a  method  of  Increasing  the  precision  of  the  direction  finder. 

(1)  Increasing  the  V4  spacing  between  the  antenna  and  the 
ground  plane,  causing  a  partial  null  In  the  first  mode  radiation 
pattern. 

(2)  Adding  a  similar  antenna  element  in  front  of  the  antenna, 
increasing  the  gain  of  both  first  and  second  modes. 

(3)  Adding  an  antenna  for  the  first  mode  only  in  front  of  the 
spiral  antenna,  thus  increasing  the  first  mode  gain  only. 

No  attempt  has  been  made  up  to  this  time  to  evaluate  the  relative 
efficacy  of  the  various  arrangements. 


'J.  A.  Kaiser,  "The  Archimedean  Two-Wire  Spiral  Antenna,"  IRE  PGAP, 
Vol.  AP-8  (1960). 
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APPEimiX  A 


FREQUENCY  ERROR  ANALYSIS 

One  possible  source  of  error  in  the  spiral  antenna  dit«ctlon 
finder  is  the  effect  of  a  change  in  frequency  from  the  design  value. 
If  the  antenna  Is  used  as  a  direction  finder,  a  shift  in  the  source 
frequency  would  cause  lines  e  and  f  of  .  the  netwo^.  tb' have  let^ths 
that  differ  by  more  or  less  than  a  quarter  wavelength.  Aleo,  if.  the 
system  is  to  be  used  to  search  for  and  locate  unknown  signal  soujksmf, 
it  would  be  necessary  to  know  over  What  frequency  range-  the  system 
can  be  designed  to  search  without  exceeding  an  acceptable  error  in 
the  calculated  direction. 

Equations  (1)  are  rewritten  for  ease  of  analysis,  as 


and 


The  only  arms  affected  by  a  shift  in  frequency  are  E  and  F,  so  that  the 
observed  elevation  angle  is  not  affected  by  a  change  in  frequency..  If 
the  difference  in  line  length  is  equivalent  to  an  angular  rotation  of 
Y  degrees,  then  the  input  signals  to  arms  E  and  F  can  be  written 

(neglecting  as 


E:  (a  sin  e  e"^^^  +  P  cos  0  e"^^) 

+  a  sin  0  +  P  cos  0 

F:  (a  sin  0  e^^*^  +  P  cos  0  e 

-(“  (X  sin  0  ^  cos  0 


For  square  law  detection,  the  output  of  E  is  proportional  to 

^  *0(1  -  cos  y)+P^  cos  *"0(1  +  cos  y')-\2  CX  P  sin  0  cos  O  sin  (j)  sin  y 

and  the  output  of  F  is  proportional  to 

■  % 

^  sin  ® 0(1  +  cos  y)+P?  cos  ®0(1  -  cos  y')-2  Ci.  P  Cn  9  cos  0  sin  <j)  sin  y 
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preceding  PAGE  BIANX 


Thu!  th«  ob««rv«d  vitlu*  ot  ^  (okII  It  la  found  to  b* 

♦'  •  *•" [i^' 

^  -1  { (P*«oi  *§  -  oPain  *»>  eoi  y  »  8  g  &  iln  9  cof  9  win  4  »ln  v 

"  3  CK  9  ■in  •  CO*  •  001  ^ 


tan 


fifil^oo*  -  cf  tin  I  COB  V  .  A  . 

[(nrrnrrssTi — )  odi  ^ 

Tht  error  ^  it  thut 


1 


^  ■  tan 


-»  r  I  fl^ooB  *6  -  ePoin  COB  v 

I  \  3  Ot  ^  Bin  t’aoB  •  ooB  i|i 


4-  tan  4  Bln  y 


1- 


Tho  error  in  aaleuth  anfie  la  aeen  to  be  iitrongly  dependent  upon  the 
elevation  angle  •. 

•ubstituting  the  oroaeover  point  relation 

a  Bin  •  ■  8  ooB  t 
o  o 

giVBBf  after  soae  rearrangeaent 

.fitan*  •  -  tai^  j 

-  ‘•"■‘[(rurtTsr?-)  HH  *  “"  ♦  ’  ♦ 


If  the  galna  of  the  flrat  and  aeoond  aodee  aro  equal  (tan  8^  ■  1), 
thlB  reducea  to 


^  ■  tan 


oot  88  OOB  V 
ooa  ^ 


■t  tan  ^  aln  y 


Thua,  for  elevation  unglea  (8)  near  OP  (on  axla)  or  near  90**  (in  the 
plane  of  the  aplral  array),  a  largo  error  in  the  oaloulated  value  of 
9  Biay  oouur  for  valueo  of  y  t  n/S. 


Plotting  the  error  In  aalmuthal  angle  ait  a  function  of  y,  aa  shown 
In  figures  A1  and  A2,  reveals  that  the  naxlmum  error  occurs  at  values  of 
^  near  0°,  and  the  posaibln  error  increases  greatly  with  Increasing  de¬ 
viation  of  the  line  length  difference  from  90°.  If  this  device  is  t»'  be 
used  to  locate  unknown  signal  sources,  It  i»  dt^Blrlble  to  have  a  HlnKle 
device  operate  over  a  wide  range  of  frequencies.  f>y  using  newly 


Figure  Al.  Taeorctical  azis-jiSial  error  for 


08=e 


Figure  A2.  Theoretical  azimuth  error  for 


dBval»p«c^  phaie  ahlft^ra^  in  which  the  phene  dijCference  between  two 
chsnnele  ie  very  nearly  90°  ova-  »  broad  frequency  range  ,  It  la 
theoretically  poaelble  to  hold  v  1°  range  of  88°  to  83°  over  a  2:1 
range  In  frequency.  Aaauetng  that  thia  value  can  be  approxlMtely 
held  In  practice  and  that  other  aouroea  of  error  do  not  exlat;  the 
Mxlaua  evror  in  oalouleted  aatanithil  angle  for  elevation  nnglea 
between  10°  and  80°  ie  held  to  approximately  8°. 


V"A  New  Claaa  of  BroadHBand  Microwave  80-Degree  Phaae  Shlftera." 
B.  M.  Schlffman,  IRI  Trane  Vol  im-R  pp  338-237,  1858. 
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